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(S) Closed-loop variable rate applicator. 

(57) A closed-loop fertilizer application system 
(10) capable of determining a soil prescription 
in near real-time, and dispensing fertilizer to the 
soil scene as a function of the soil prescription. 
The closed loop application system (10) does 
not require the use of maps or navigation sys- 
tems, but rather, ascertains a soil type and 
chemical composition on the go. In the prefer- 
red embodiment, the application system imple- 
ments a spectrograph implementing the 
technology of spectroradiometry to determine 
soil type and present fertilizer composition in 
near real-time. An expert system (30) deter- 
mines the soil prescription based on the soil 
type and current fertilizer levels, and controls 
the dispensing rate of the fertilizer as a function 
of the vehicle speed. The soil analyzer (28) is 
disposed a predetermined distance forward of 
the vehicle such that there is adequate time to 
perform soil analysis, determine a soil prescrip- 
tion, and then dispense the fertilizer at the rear 
portion of the vehicle (12). The soil analyzer (28) 
generates a soil signature in near real time, 
which signature is compared to a pre-deter- 
mined reference soil signature stored in mem- 
ory. The spectrograph radiates the soil at 
various predetermined fixed frequencies which 
causes the various elements in the soil to 
fluoresce. Each fertilizer in the soil will fluores- 
ce at one or more known frequencies, the am- 
plitud of which is indicate of th percentage 
of the fertilizer present at the soil scene. 
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CROSS REFERENCE TO RELATED 
APPLICATI N 

Cross ref rence is made to copending applica- 
tion entitled Variable Rate Application System as- 
signed Serial No. 07/902,1 74 and filed June 22, 1992. 

I. Field of the Invention 

The present invention relates generally to an ap- 
plication system for applying fertilizer to agricultural 
land, and more particularly to a method and appara- 
t us for ascertaining a current fertil izer content of a soi I 
scene in near real-time, and then determining a 
chemical prescription and dispensing fertilizer on the 
land without the need for a navigation system or dig- 
ital fertilizer maps. 

II. Background of the Invention 

In the fertilizer industry, there is agrowing aware- 
ness of environmental concerns and the ability of a 
custom applicator to answer those concerns. As dis- 
cussed in the co-pending related application identi- 
fied above, a variable rate technology can be imple- 
mented using a plurality of maps containing soil-type 
information, current fertil izer levels and desired fertil- 
izer levels, used in combination with a navigation sys- 
tem to create a chemical prescription. 

As is well known, the three most common nutrient 
components of soil are nitrogen, phosphorous and 
potassium. Differing soil types, each of which may be 
categorized according to the relative proportions of 
sand, clay and silt, have differing percentages of 
these nutrients. Even like soil types can have differ- 
ing percentages of these nutrients within agricultural 
land due to drainage characteristics, moisture content 
and erosion. Thus, fertilizer application systems need 
to account for the present levels of fertilizers at each 
location of the agricultural field to determine a chem- 
ical prescription when applying fertilizers to achieve 
desired fertilizer levels. One embodiment of the fer- 
tilizer application system discussed in the above- 
referenced co-pending application includes a plurality 
of maps storing soil types, and present and desired 
fertilizer levels within a field. Using a navigation sys- 
tem and a speed sensor, the system coordinates the 
vehicles location within the field to each of the maps 
to determine the application rate of fertilizers to attain 
the desired levels of fertilizers. 

While navigation systems currently available are 
becoming increasingly more accurate in resolution, 
such as Global Positioning Systems, there still can be 
an alignment difficulty based on th inherent inaccur- 
acies of the source data utilized to create the map. 
Thus, a clos d-loop application system which would 
eliminate the coordination of the navigation position- 
ing system to the soil and f rtilizer maps, and would 



b an advancem nt over prior art systems. Up until 
now, soil analyzers capable of sampling soil f r 
chemical cont ntinn arr al-tim were unavailabl , 
thus requiring soil maps and fertilizer maps to be first 

5 created by a soil scientist, and then digitized for sub- 
sequent use by the application equipment. Due to va- 
rious uncertainties in the analysis, these maps may 
differ from the real world conditions at time of fertil- 
izer application due to time, weather, miscalculations, 

10 or a variety of other problems. 

U.S. Patent No. 5,044,756 to Gaultney et al. 
teaches a real-time soil organic matter sensor. This 
sensor is adapted to a vehicle to determine organic 
matter content of soil at a soil scene. This device uses 

15 a light source which generates light at a fixed frequen- 
cy, and senses the intensity of the reflected light at 
the same fixed frequency to determine the organic 
matter content. This device is limited to obtaining only 
organic matter content of soil based upon a percen- 

20 tage of the reflected light of a fixed frequency, and 
does not form a portion of an fertilizer application sys- 
tem. 
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OBJECTS 



It is accordingly a principle object of the present 
invention to provide a closed-loop fertilizer applica- 
tion system which does not require the use of a nav- 
igation positioning system. 
30 It is a further object of the present invention to 
provide a closed-loop fertilizer application system 
which does not require maps of current fertilizer lev- 
els. 

Still yet another object of the present invention is 
35 to provide a closed-loop fertilizer application system 
including a soil analyzer capable of analyzing soil for 
chemical content in real-time and with high accuracy. 

Other objects, features and advantages of the 
present invention will become apparent to those skil- 
40 led in the art through the Description of the Preferred 
Embodiment, Claims, and drawings herein, wherein 
like numerals in the various figures relate to like ele- 
ments. 

45 SUMMARY OF THE INVENTION 

The foregoing features and advantages of the 
present invention are achieved by providing a closed- 
loop fertilizer application system which determines a 

50 chemical prescription in real-time for a soi I scene, de- 
pending on the soil fertilizer content ascertained by 
a soil analyzer in real-time, and which dispenses fer- 
tilizer on the soil scene in response to the chemical 
prescription. Preferably, th soil analyzer comprises 

55 a spectrograph performing sp ctroradiometric meas- 
urements to provid a non-contact method of asc r- 
taining soil chemistry. Th fertiliz r application sys- 
tem comprises a v hide capable of traversing a field. 
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A soil analyzer capabl of obtaining a soil signature 
indicative of the fertilizer content of a soil scene is 
adapted to th vehicl . The soil analyzer comprises 
a signal generator generating a first signal at a fix d 
frequency and directed towards the soil scene. The 5 
soil analyzer also comprises a detector for detecting 
a returned second signal from the soil scene induced 
by the first signal. The second signal is composed of 
a plurality of frequencies and defines the soil signa- 
ture. A dispenser apparatus is connected to the vehi- 10 
cle and is responsive to the soil analyzer for dispens- 
ing at least one type of product at a rate dependent 
upon the detected soil signature. 

Preferably, the soil analyzer comprises a spec- 
trograph radiating the soil scene at a pre-determined is 
fixed frequency, wherein a spectrum of returned sec- 
ond signals is detected by the soil analyzer. The dis- 
penser apparatus compares the detected soil signa- 
ture to a pre-determined soil signature stored therein 
and determines a soil prescription dependent upon 20 
the differences between the detected and pre-deter- 
mined soil signatures, and then dispenses the prod- 
uct at a rate dependent upon the soil prescription and 
the vehicle speed. Using a spectrograph, the spectro- 
graph determines the intensity of the returned spec- 25 
trum of second signals. The dispenser apparatus 
compares the intensity of the detected second signals 
to the intensity of the pre-determined soil signature, 
preferably at one or more pre-determined frequencies 
where spikes occur. Ideally, the pre-determined soil 30 
signature represents the soil signature a soil scene 
comprised of 100 percent of a particular product. 
Thus, the ratio of the determined intensity to the pre- 
determined intensity at a spike at a common wave- 
length is indicative of the percentage of the product 35 
sensed at the soil scene. 

A further feature of the present invention is that 
the soil analyzer can perform real-time averaging of 
the intensities of the detected second signals. The 
dispenser apparatus then dispenses the product as a 40 
function of the averaged second signals. Since the 
second signals are averaged over time, a more uni- 
form distribution of fertilizers is obtained. In the pre- 
ferred embodiment, the soil signature is indicative of 
the nitrogen, phosphorous and potassium chemicals 45 
at the soil scene. 

The soil analyzer is preferably coupled to the ve- 
hicle at pre-determined forward location of the vehi- 
cle, wherein the dispenser is positioned at a pre-de- 
termined distance behind the soil analyzer. Thus, as 50 
the vehicle traverses the field at a fixed speed, there 
will be an inherent time delay between when the soil 
analyzer passes over and analyzes a particular soil 
seen and when th disp ns r passes th reov r. This 
inherent time delay is ad quate for th soil analyz r 55 
to obtain a soil signatur , and for the dispenser appa- 
ratus which includes an xpert system to process the 
soil signature obtain d from th soil analyzer and 



subsequently dispense th appropriate amount of 
chemicals on the soil seen . Using a sp ctrograph, 
the soil analysis can b formed in a matter of millisec- 
onds. Thus, th tim d lay forth dispens r appara- 
tus to process the soil signature and dispense the 
chemicals primarily determines howfarforward of the 
dispenser the soil analyzer needs to be disposed if 
the vehicle is to traverse the field at a particular 
speed. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side elevational view of a dispensing 
vehicle having a soil analyzer at a forward loca- 
tion of the vehicle, and with a dispensing assem- 
bly at a rearward location thereof; 
Figure 2 is a block diagram of the soil application 
system controlled by an expert system, which ex- 
pert system controls the application system as a 
function of the speed sensor and the soil signa- 
ture from the soil analyzer; 
Figures 3, 4 and 5 are graphs of several spectra 
sensed by the spectrograph at a soil scene. The 
Raman shift is illustrated as a function of inten- 
sity for each of three chemicals under-study, 
wherein each of the three spectra are scaled to 
one another, and are obtained using a different 
source frequency chosen on the basis of which 
chemical is to be studied; 
Figures 6, 7 and 8 illustrate a reference spectro- 
graph obtained from separate soil scene com- 
prised entirely of nitrogen, phosphorus and po- 
tassium, respectively. The respective obtained 
spectra in Figures 3, 4 and 5 are compared 
against the respective spectra of Figures 6, 7 and 
8 wherein the ratio of intensities at one or more 
peak frequencies between the respective Fig- 
ures is indicative of the percentage of that chem- 
ical in the soil scene; and 
Figure 9 is a flow diagram of the operation for the 
closed-loop application system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to Figure 1, a side elevational view of a 
closed-loop fertilizer application system according to 
the present invention is generally shown at 10. Sys- 
tem 10 comprises a vehicle 12, such as a tractor, ca- 
pable of traversing an agricultural field. Tractor 12 in- 
cludes a plurality of product bins 14 for storing a plur- 
ality of fertilizer blends, such as nitrogen, phosphor- 
ous and potassium. Fertilizer is dispensed from each 
respective bin 14 by a respectiv disp ns r 16 to con- 
veyor 18 at a rate controlled by xp rt system 30. 
(See Figure 2). Th disp nsed fertilizers are con- 
veyed by conveyor 1 8 to a pneumatic spread r or dis- 
pens r apparatus 20, as taught by U.S. Patent No. 
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5,028,009 assigned to the present applicant and in- 
corporated her in by reference. Product bin 14, dis- 
p nser 16, conveyor 18 and spreader 20 form an ap- 
plication system 22 which is controlled by xp rt sys- 
tem 30 as shown in Figure 2. The apparatus descri- 5 
bed so far is well-known in the art and discussed in 
the cross referenced co-pending application, the 
teachings of which are incorporated herein by refer- 
ence. 

Still referring to Figure 1, system 10 further in- 10 
eludes a vertically oriented elongated support struc- 
ture 24 which is secured to a forward portion of the 
frame of vehicle 12 and is disposed a pre-determined 
distance forward of dispenser 20. The lower end of 
structure 24 extends downward towards the soil and is 
is telescopingly coupled to a soil cutting knife 26, 
which knife is well-known in the art Cutting knife 26 
extends a selectable pre-determined distance into the 
soil due to the telescoping feature and generates a 
furrow as vehicle 1 2 traverses the field. Knife 26 gen- 20 
erates a furrow with a flat bottom as it is traversed 
through the field, the fiat bottom furrow forming the 
soil scene. A soil analyzer 28 is securingly disposed 
within knife 26, and is disposed proximate the soil 
scene (flat portion of the furrow), but is spaced a pre- 25 
determined distance thereabove to define a non-con- 
tact sensor. Thus, soil analyzer 28 will not become 
damaged or obstructed by soil as knife 26 is trav- 
ersed through the soil. A speed sensor 32 (see Figure 
2) is provided within vehicle 1 2 for providing an output 30 
indicative of the speed of vehicle 12 relative to the 
soil. 

Now referring to Figure 2, a block diagram of the 
closed-loop fertilizer application system according to 
the preferred embodiment of the invention is shown. 35 
As discussed earlier, soil analyzer 28 is operatively 
coupled to expert system 30 via line 34. Expert sys- 
tem 30 is a multitasking processing system based, for 
example, on a UNIX operating system. Expert system 
30 is the heart of the system for it coordinates and op- 40 
erates in response to other major subsystems to con- 
trol the dispensing rate of multiple fertilizer blends 
contained in the respective bins 14. Expert system 30 
resides within the cab of vehicle 12 and controls ap- 
plication system 22 via line 36. Expert system 30 and 45 
application system 22 define an dispensing mecha- 
nism. A speed sensor 32, such as a radar based sen- 
sor, is coupled to expert system 30 via line 38 for pro- 
viding expert system 30 with vehicle speed. 

Soil analyzer 28 preferably comprises a spectro- so 
graph, such as model PR-704/PR-714 manufactured 
by the Photo Research Company of Chatsworth, Cal- 
ifornia. A key feature of soil analyzer 28 is its ability 
toanalyz th soil scene for ch mical composition in 
near real-tim , and provide a spectra forming a soil 55 
signature, typically in as little as 26 millis conds. Soil 
analyz r 28 is PC-compatibl , and exp rt system 30 
can r spond to th output from soil analyzer 28 in 



n ar real-time. Expert system 30 d termin s a soil 
prescription based on the spectra, and then instructs 
control application system 22 to dispens a blend of 
f rtilizers at a rate d pending upon the d t rmined 
soil chemical composition, and vehicle speed. Expert 
system 30 can process the output from soil analyzer 
28 in approximately 100 milliseconds to determine a 
chemical prescription for the soil scene, and spreader 
20 can react to the instructions from expert system 30 
in approximately .5 seconds. Thus, when vehicle 12 
travels at 18 miles an hour, the vehicle would travel 
approximately 9V2 inches while soil analyzer 28 is 
completing its measurement, 31.7 inches while ex- 
pert system 30 is determining the chemical prescrip- 
tion based on the spectra from the soil analyzer 28, 
which is the soil signature, and approximately 13 feet 
while spreader 20 is reacting to the commands from 
expert system 30. Thus, support structure 24 (see 
Figure 1), and knife 26 and soil analyzer 28 defined 
therein is positioned at least 16 feet, and preferably 
20 feet, forward of dispenser 20 for a vehicle traveling 
at 18 miles an hour. 

By reducing the response time of spreader 20, 
the minimum required separation of sensor 28 and 
spreader 20 can be reduced for a given vehicle speed. 
For instance, by reducing the reaction time of spread- 
er 20 to .25 seconds, a net separation between soil 
analyzer 28 and spreader 20 of 10 feet is required for 
a vehicle traveling at 18 miles an hour. 

A key feature of soil analyzer 28 used with expert 
system 30 is the ability to accurately determine the 
presence and percent of specific fertilizers within at 
the soil scene, as well as the ability to determine the 
type of soil, in near real-time. The spectrograph per- 
forms soil analysis operating on the principle of spec- 
troradiation, which is radiating the soil with an illumin- 
ation source at a selected fixed frequency to cause 
the elements of interest to fluoresce or glow. A spec- 
tral radiance of each of the chemicals of interest is 
measured by the spectrograph, wherein the spectro- 
graph produces a spectrographic image of the soil 
scene measured. Different elements, such as nitro- 
gen, potassium, phosphorous and zinc are excited by 
a selected fixed, but different, frequency illumination 
source. Nitrogen, potassium, phosphorous and zinc 
will each fluoresce optimally when excited by a 
source (laser) of differing frequencies. For instance, 
potassium will optimally fluoresce when excited by a 
766.4 nm. wavelength source, nitrogen at 1246.9 
nm., phosphorous at 956.3 nm., and zinc at 636.2 nm. 
The various wave lengths at which each of the ele- 
ments radiates or peaks is unique, and the intensities 
of the peaks are dependent upon the wave length of 
th illumination sourc . Du to quantum mechanics, 
each element will produc a spectral image unique to 
the n xt for a given illumination sourc , allowing th 
spectral imag s t b distinguished. 

Figures 3, 4 and 5 represent three differ nt spec- 
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tral images btain d from the same soil scene when 
radiated by th source at th respective ideal wave- 
length m ntioned, wh rein th soil sc n comprises 
25% nitrog n, 20% phosphorous and 30% potas- 
sium. Referring to Figure 6, a spectral image of a soil 5 
scene containing 1 00 percent nitrogen is shown. Sim- 
ilarly, a spectral image of a soil scene comprising 
100% phosphorous and 100% potassium is shown in 
Figures 7 and 8, respectively. The operator stores in 
the memory of expert system 30 the intensity of the w 
spectral peaks for soil scenes comprised of 100 per- 
cent of the respective chemical, as shown in Figures 
6-8. In operation, expert system 30 compares the in- 
tensity of the peaks of the ascertained spectral im- 
ages in Figures 3, 4 and 5 to intensity of the peaks 15 
stored in memory and shown in respective reference 
images shown in Figures 6, 7 and 8. For instance, the 
percentage of nitrogen in the soil scene is equal to the 
ratio of the peak intensity of Figure 3 to the peak in- 
tensity image of Figure 6 at common wavelengths, 20 
which intensities are stored in the memory of expert 
system 30. The ratio of phosphorous and potassium 
is calculated by expert system 30 in a similar manner 
using Figures 4-5 and 7-8. 

This chemical composition measuring process is 25 
repeated for each of the elements of interest when 
system 10 is in operation, either sequentially using a 
single source at different frequencies, or in parallel 
using four sources having four different frequencies. 
The spectral image obtained, shown in Figure 3, is 30 
compared against the spectral image of a soil scene 
consisting of 100 percent of the respective chemical 
of interest, such as shown in Figure 6. Initially, expert 
system 30 first determines whether a certain element 
is present by comparing the obtained spectral image, 35 
such as Figure 3, to the reference spectral image, 
such as Figure 6 to ascertain if a spectral peak is 
present (exceeds a pre-determined threshold) at the 
known florescence wavelength for the chemicals un- 
der study, such as at 50 for nitrogen, 52 for potas- 40 
slum, and 54 for phosphorous. If a spike is present, 
the amplitude of each of the ascertained peaks refer- 
ence 50, 52, or 54, as shown in Figures 3, 4 and 5 is 
compared against the amplitude of the reference 
peaks 58, 60 and 62 of Figures 6, 7 and 8, represent- 45 
ing a soil sample having 100 percent nitrogen, phos- 
phorous and potassium, respectively. The combina- 
tion of the spectral images shown in Figures 3, 4 and 
5 is representative of the soil scene understudy, and 
is commonly known as the soil signature. so 

To obtain an even more accurate calculation of 
the percentage of chemicals present at the soi I scene, 
a separate peak different from 50, 52 and 54 peak fre- 
quency having the next higher intensity in Figur s 3, 
4 and 5, and identified at 51 , 53 and 55, respectively, 55 
is compared to the intensity of th respectiv refer- 
ence peak (at th sam wav length) also stor d in 
memory and shown in Figures 6, 7 and 8, and identi- 



fied at 59, 61 and 63. To obtain yet an even more ac- 
curate calculation of chemical cont nt, the intensity of 
other peak frequ ncies shown in Figures 3-5 can be 
compar d to the int nsity of the corr sponding refer- 
ence peaks shown in Figures 6-8. By averaging or 
weighting the chemical content individually calculated 
using the different peak frequencies, errors due to 
measurement tolerances, or due to the possibility 
some elements will produce peaks at lower intensi- 
ties at a same frequency when excited, can be re- 
duced. 

Spectrograph 28 also determines the soil type at 
the soil scene by ascertaining the water content of the 
soil scene, as moisture in the soil sensed in the fur- 
row is indicative of the type of soil. For instance, soil 
comprised of clay will retain more moisture than sand 
or silt, and the ratios of the water holding capabilities 
for each of the soil types is known. Spectrograph 28 
is used to produce a spectral radiance of water pres- 
ent at the soil scene. This spectrograph is then com- 
pared to a reference spectrograph stored in expert 
system 30 and indicative of a soil scene with a pre- 
determined percentage of water. The intensities of the 
spectrums at a peak frequency are compared by ex- 
pert system 30 to ascertain the percentage of water 
in the soil. Once this percentage of moisture is 
known, expert system 30 characterizes the soil scene 
as a percentage of clay, si It or other well-known types 
of soil based on the relative moisture holding capa- 
bilities of each soil type by referencing a data table 
stored in the memory of expert system 30. 

Once expert system 30 obtains the percentage of 
chemicals in the soil at the soil scene, as well as the 
type of soil present, expert system 30 then proceeds 
to utilize the chemical information received to create 
a chemical prescription or recommendation for the 
dispensing control system to follow. Control signals 
are then generated by expert system 30 as a function 
of vehicle speed to application system 22 via line 36, 
including the proper dispensing rate for the various 
chemicalsfrom bins 14 by dispenser 20. For instance, 
if expert system 30 determines the soil scene to have 
5 percent nitrogen, and the soil is comprised of clay, 
a chemical prescription of nitrogen is ascertained 
from a data table in expert system 30 memory. How- 
ever, if expert system 30 determines, using the spec- 
trograph 28, that the soil is comprised of sand, a dif- 
ferent chemical prescription for nitrogen is establish- 
ed for application system 22 from expert system 30 
data tables. Expert system 30 can take into account 
many other variables as well to determine the chem- 
ical prescriptions for each of the chemicals which are 
to be dispensed from bins 14 by dispenser 20. For in- 
stanc ,soilanalyz r 28 can de term in organic matter 
percentages at the soil sc ne, and how coarse the 
soil is which can be indicative of the fertiliz r retaining 
properties f the soil. Thus, xp rt system 30 is well 
suited to utilize many variables in conjunction with the 
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determin d percentages off rtilizers pres nt at the 
soil seen when creating th chemical prescription for 
controlling application system 22. 

Other support syst msareprovid das well, such 
as a printer 40 for providing a printout of the system 5 
status, a keyboard system 42 for programming and 
entering data into expert system 30, and a monitor 44 
for providing a visual status of the application system 
10 to the operator. Expert system 30, printer 40, key- 
board 42 and monitor 44 all reside within the cab of 10 
the vehicle. Avariety of speed sensors 32 provide ex- 
pert system 30 with the speed of the vehicle in real- 
time, which speed sensors are well-known in the art. 
The dispensing rate is determined as a function of the 
chemical prescriptions and vehicle speed. 1 5 

While utilizing a spectrograph using spectrora- 
diometry is the preferred soil analyzer used in the 
preferred embodiment of the present invention, it is 
recognized that the basic principles of spectroradio- 
metry can be applied using microwave or ultrasonic 20 
techniques as well. For instance, stimulating the soil 
scene with a signal at a preselected fixed frequency 
with microwave or ultrasonic sources will induce re- 
turned signals comprised of multiple frequencies, 
known as the soil signature, and which soil signa- 25 
tures are indicative of the elements present in the soil 
scene. Thus, limitation to implementing a spectro- 
graph is not to be inferred. Rather, the general princi- 
ple of exciting soil at a p re-determined fixed frequen- 
cy, which chosen frequency is ideal to sense the pres- 30 
ence and quantity of a particular element, to obtain a 
composite of signals returned from the soil scene is 
contemplated, and can be implemented in near real- 
time. For instance, exciting a soil scene with an illu- 
mination source at 1 247 nm. will maximally excite the 35 
first order atoms of nitrogen due to quantum-mechan- 
ics. Different fixed frequencies can be generated for 
sensing different desired elements. Thus again, 
while a fixed frequency signal is used as a source, 
such as that produced by a laser in the visual range 40 
of the spectrum, other sources such as microwave 
signal generators and ultrasonic generators can be 
used as well, with varying sensing techniques. 

OPERATION 45 

Referring now to Figure 9, a flow diagram for op- 
eration of the present closed-loop chemical applica- 
tion system 10 is illustrated. At step 70, the operator 
first obtains reference spectrographs for soil scenes 50 
which include 100 percent of the desired elements to 
be sensed, such as shown in Figures 5, 6, 7 and 8, 
and for a fixed percentage of water. For Instance, the 
sp ctrograph of soil comprising of 100 percent nitro- 
gen is btain d, and similarly, a spectrograph for 55 
each of th other elements including phosphorous, 
potassium and zinc is obtained from a soil scene com- 
prising of 100 percent of the respective elements. The 



amplitudes of the p akfrequenciesatthe appropriate 
wav length obtain d in each of the reference spec- 
trographs are stored in memory in expert system 30. 

Next, application syst m 22 is initialized at step 
72. At this step, the bins are checked and loaded with 
appropriate chemicals to be dispensed such that the 
dispenser is ready to dispense the appropriate chem- 
icals at a rate determined by expert system 30. 

At step 74, the reference tables of expert system 
30 are updated, wherein input from soil scientists can 
be updated. The inputs consist of various information, 
including tables for determining the type of soil based 
on water content, tables for determining the desired 
fertilizer levels for different types of fertilizers for 
each type of soil, and tables for determining dispens- 
ing rates of fertilizer based on the desired fertilizer 
level and the sensed fertilizer levels. Expert system 
30 utilizes these tables to determine a chemical pre- 
scription. 

Next, at step 76, soil analysis of the soil scene is 
performed in real-time by soil analyzer 28 as vehicle 
12 traverses the field. Spectrographs of the soil 
scene are obtained by the soil analyzer 28 located be- 
hind the knife 26 in the furrow as the vehicle traver- 
ses the field. Spectrographs of each chemical of in- 
terest, and for water, are obtained. The spectrographs 
are communicated to expert system 30, wherein ex- 
pert system 30 calculates the chemical prescriptions 
for the soil scene at step 78. This is done by first com- 
paring the obtained spectrographs (Figures 3, 4 and 
5) to the stored reference spectrographs (Figures 6, 
7 and 8) determined in step 70. By comparing the 
spectrographs, the presence of the different chemi- 
cals are determined, wherein the percentage of the 
chemicals present is ascertained by determining the 
ratio of the intensities of the spectrograph at one or 
more peak frequencies (Figures 3, 4 and 5) to the in- 
tensities of the referenced spectrographs (Figures 6, 
7 and 8) at the respective peak frequencies deter- 
mined in step 70. 

The type of soil present at the soil scene is also 
determined by the expert system 30 by comparing the 
obtained spectrograph for water to the reference 
spectrograph, and then tables stored in expert sys- 
tem 30 memory at step 74 are used to characterize 
the soil type based on the percentage of water pres- 
ent. Then, appropriate data tables of expert system 30 
are referenced to determine the soil prescription. For 
instance, if the soil scene is determined to be clay 
based on water content, and 5 percent nitrogen is 
present, the table would indicate given these condi- 
tions a nitrogen level of 10 percent is desired. This 
would be the soil prescription. Expert system 30 then 
d t rmines v hide speed from s nsor 32, and 
promptly sends th appropriate command signal to 
the dispenser 20 to establish the appropriat dispens- 
ing rat such that given th v hid sp ed, a 10 p r- 
cent nitrog n level is established at the soil scene. 
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Thus, at step 80, disp ns r 20 dispenses the appro- 
priat chemicals of th appropriate rate. The dispens- 
ing of chemicals via dispenser 20 is timed to account 
for vehici spe d, respective time delays of th com- 
ponents, and the separation between analyzer 28 
and dispenser 20 such that dispenser 20 dispenses 
the appropriate chemicals when it is over the soil 
scene analyzed by soil analyzer 28. 

Steps 76 through 80 are continually repeated as 
vehicle 12 traverses the field. The application proce- 
dure can be terminated by the operator at any time by 
exciting the routine at step 82. The closed-loop sys- 
tem can be initiated again by returning to step 76, 
wherein the closed-loop procedure continues again 
such that the appropriate rate of chemicals is dis- 
pensed as the vehicle traverses the field. Alternative- 
ly, the routine can return to step 74 to update the in- 
put, such as data tables, in the expert system 30 by 
providing more input from the soil scientists. The rou- 
tine can also be re-initiatized by proceeding directly 
back to step 76 to store additional or different spec- 
trographs used as the reference spectrographs. 

The closed-loop routine is realized by continu- 
ously executing step 76, 78 and 80 to continuously 
perform soil analysis in near real-time, calculating the 
soil prescription in near real-time based on the re- 
sults of the soil analysis, and then dispensing chem- 
icals at the appropriate rate to the soil scene accord- 
ing to the soil prescription determined in step 78 using 
soil tables and the vehicle speed. In step 80, the dis- 
pensing rate is determined by taking account of the 
vehicle speed along with the chemical prescription 
such that the appropriate dispensing rate is deter- 
mined and commanded in step 80. Step 80 also takes 
into account the distance between the soil sensor 28 
and dispenser 20. Knowing the speed of the vehicle, 
the time elapsed between when soil analyzer 28 
passes over a particular soil scene, and when dis- 
penser 20 passes over the same scene, is taken into 
account such that the appropriate amount of chemi- 
cals is dispensed at the soil scene. 

Step 76 consumes approximately 30 millisec- 
onds, step 78 consumes approximately 100 millisec- 
onds, and the time delay for the dispenser 20 to re- 
spond to the dispensing rate instruction at step 80 is 
approximately .5 seconds. Thus, for a vehicle travel- 
ing 1 8 mph, an overall processing time of .63 seconds 
is required. Thus, the minimum separation of soil ana- 
lyzer 28 and dispenser 20 is 17 feet. By affixing sup- 
port structure 24 to the frame of vehicle 12 to dispose 
soil sensor 28 forward of the dispenser 20 to establish 
a separation of say 20 feet, the dispensing system 1 0 
will always have sufficient time to perform soil ana- 
lysis, calculate the soil pr scriptioh and subs quently 
dispense the chemicals onto the soil scene. The fast- 
r vehicle 12 is traversing th fi Id, obviously, the 
larger th required minimum spacing f soil analyzer 
28 from disp nser 20. Any spacing of the soil sensor 



from disp nser 20 in xc ssofth minimum separa- 
tion can b taken account by delaying the control sig- 
nals from xpert system 30 to disp ns r 20 and this 
provides a tim margin. 

5 This invention has been described herein in con- 

siderable detail in order to comply with the Patent Sta- 
tutes and to provide those skilled in the art with the 
information needed to apply the novel principles and 
to construct and use such specialized components as 

w are required. However, it is to be understood that the 
invention can be carried out by specifically different 
equipment and devices, and that various modifica- 
tions, both as to the equipment details and operating 
procedures, can be accomplished without departing 

15 from the scope of the invention itself. 



Claims 

20 1. An apparatus for treating an area of soil, compris- 
ing: 

(a) a vehicle capable of traversing a field; 

(b) soil analysis means coupled to said vehi- 
cle for obtaining a soil signature indicative of 

25 a content of at least one element at a soil 

scene, comprising: 

(i) means for generating a first signal at a 
pre-determined fixed frequency and di- 
recting said first signal upon the soil 

30 scene; and 

(ii) means for detecting a returned second 
signal from the soil scene induced by the 
first signal, said second signal composed 
of a plurality of frequencies and defining 

35 the soil signature; and 

(c) means coupled to the vehicle for dispens- 
ing a quantity of the element as a function of 
the soil signature. 

40 2. The apparatus as specified in Claim 1 further 
comprising means for determining soil type at 
said soil scene, wherein said dispensing means 
dispenses said element as a function of said soil 
type. 

45 

3. The apparatus as specified in Claim 1 further 
comprising a means for sensing vehicle speed, 
wherein said dispensing means dispenses said 
element as a function of said vehicle speed. 

50 

4. The apparatus as specified in Claim 1 wherein 
said detecting means performs real-time averag- 
ing of said detected second signals, and dispens- 

s said el m nt as a function of said av rag d 
55 second signal. 

5. The apparatus as sp cifi d in Claim 1 wherein 
said detected soil signature is indicativ of nitro- 
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gen, phosphorous, and potassium ch micals at 
said sensed soil scene. 

6. The apparatus as sp cifi d in Claim 1 wher in 
said soil analysis means comprises a spectro- 5 
graph. 

7. The apparatus as specified in Claim 1 wherein 
said dispensing means is positioned a pre-deter- 
mined distance behind said soil analysis means. 10 

8. The apparatus as specified in Claim 1 wherein 
said dispensing means further comprises: 

(iii) means for determining an intensity of said 
returned second signal; and is 

(iv) means for determining a percentage of the 
element in said soil scene from said second 
signal intensity. 

9. The apparatus as specified in Claim 8 further 20 
comprising means coupled to said vehicle for pre- 
paring said soil scene. 

10. The apparatus as specified in Claim 8 wherein 

said percentage determining means comprises: 25 

(a) means for storing a pre-determined value 
indicative of a known percentage of said ele- 
ment; and 

(b) means for comparing said pre-determined 
value to the determined intensity of the sec- 30 
ond signal to obtain an output, said output in- 
dicative of the percentage of the element in 

the soil scene. 

11. The apparatus as specified in Claim 1 wherein 35 
said soil analysis means implements ultrasonic 
waves. 

12. The apparatus as specified in Claim 1 wherein 

said soil analysis means implements micro- 40 
waves. 

13. An apparatus for treating an area of soil, compris- 
ing: 

(a) a vehicle capable of traversing a field; 45 

(b) soil analysis means coupled to said vehi- 
cle for obtaining a soil signature indicative of 
a content of at least one element at a soil 
scene, comprising: 

(i) means for generating a first signal at a so 
pre-determined fixed frequency and di- 
recting said first signal upon the soil 
scene; and 

(ii) said s cond signal having a frequency 
differ nt from the frequency of th first 55 
signal and defining the soil signature; and 

(c) means coupled to the vehicle for dispens- 
ing a quantity of th element as a function of 



the soil signatur . 

14. The apparatus as specifi d in Claim 13 wherein 
said dispensing means comprises: 

(iii) means for determining an intensity of said 
returned second signal; and 

(iv) means for determining a percentage of the 
element in said soil scene from said second 
signal intensity. 

15. The apparatus as specified in Claim 14 wherein 
said percentage determining means comprises: 

(a) means for storing a pre-determined value 
indicative of a known percentage of said ele- 
ment; and 

(b) means for comparing said pre-determined 
value to the determined intensity of the sec- 
ond signal to obtain an output, said output in- 
dicative of the percentage of the element in 
the soil scene. 

16. A method of treating agricultural land comprising 
the steps of: 

(a) ascertaining a current element level of a 
soil scene by: 

(i) exciting the soil scene with a signal of 
a pre-determined fixed frequency; 

(ii) sensing a second signal induced by 
said first signal from said soil scene, said 
second signal comprising a plurality of fre- 
quencies; and 

(iii) comparing said second signal to a ref- 
erence signal to determine the element 
level of said soil scene; 

(b) determining a soil prescription based on 
said soil type and said second signal; and 

(c) applying the element to said soil scene as 
a function of said determined soil prescrip- 
tion. 

17. The method of Claim 16 wherein said method is 
performed in near real-time. 

18. The method of Claim 16 further comprising the 
step of: (d) ascertaining a speed of a vehicle 
adapted to apply element to the soil scene in step 
(c) and applying the element to the soil scene in 
step (c) as a function of said vehicle speed. 

19. The method of Claim 16 further comprising the 
step of: 

(d) ascertaining a soil type of the soil 
scene and applying the element to the soil scene 
in st p (c) as a function of said soil type. 
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